Digestive proteolysis executed by the proteasome plays an important role in plant development. 32
We have established that treatment of rsw4 seedlings for up to 24 h at the restrictive 89 temperature (28 o C) disrupts separase activity and causes vesicular trafficking defects, but does 90 not compromise the rate and pattern of cell division and the identity of root cells (Moschou et 91 al., 2013) . We argue that this experimental setup enables to study roles of separase beyond its 92 mitotic role (Moschou et al., 2016b) . Note that a temperature of 28 o C falls within the 93 physiological temperature range for Arabidopsis growth (Faden et al., 2016) . Yet, to ensure 94 that the rsw4-mediated effect in PIN2 polarity is not due to the temperature shift, we surveyed 95 PIN2 polarity in dexamethasone inducible RNAi lines of separase (DEX:ESP-RNAi) 96 expressing PIN2 under its native promoter (Moschou et al., 2013)( Fig. 1) . We observed PIN2 97 polarity loss in the DEX:ESP-RNAi lines already 12 h after dexamethasone application. Yet, 98 no effect was observed in the corresponding WT plants expressing PIN2 after dexamethasone 99 application (data not shown). These results suggests that the PIN2 localization switch does not 100 depend on temperature and therefore our experimental setup can be used to infer proteolytic 101 targets of separase. 102 103 Systematic characterization of root tip N-terminomes 104
Proteins are always synthesized with methionine (iMet) as the first Nt residue even when a 105 non-canonical translation initiation codon (i.e. non-AUG) is used. However, largely depending 106 on the nature of the second amino acid residue, this first iMet is often cleaved from mature 107 proteins by the N-terminal Met excision (NME) pathway through the Met aminopeptidase 108 (MAP) (Bonissone et al., 2013) . The N-terminome consists of all peptides that possess mature 109 protein Nt (±iMet) and neo-Nt that are proxies of in vivo proteolytic events. 110
To gain insights into the proteolytic landscape of root cells we analysed the in vivo N-111 terminomes of root tips from 7-d-old seedlings of WT and rsw4 plants grown at the restrictive 112 temperature for 24 h by a modified version of COFRADIC (Materials and Methods and Fig.  113   2A, B) . COFRADIC also enables the identification of sequences spanning the scissile peptidic 114 bonds (Vandekerckhove et al., 2004; Stes et al., 2014) . The root tip proteomes of WT and rsw4 115 were labelled with N-hydroxysuccinimide esters of either light (WT) or heavy (rsw4) isotopic 116 variants of butyric acid to mass tag both Nt arising from translation and neo-Nt. The differential 117 mass tagging of Nt (heavy versus light) enabled us to determine the proteome origin (rsw4 or 118 WT, respectively) of each labelled peptide. 119
To identify translational Nt (peptides containing either the iMet or the 2 nd amino acid 120 residue of the protein), we filtered-out peptides carrying neo-Nt (peptides containing Nt beyond 121 the 2 nd residue). Out of the total number of 6,974 peptides identified (all present in both 122 genotypes with one exception discussed later), 2,840 possessed translationally yielded Nt 123 converging to 1,057 proteins (File S1). Out of 149 unique proteins retaining iMet, 58 proteins 124 had as 2 nd residue glutamate (E), 30 aspartate (D) and 20 lysine (K) (E>D>K>>X) (Fig. 3A) , 125 suggesting that residues with sufficiently large gyration radius block MAP activities (Van 126 Damme et al., 2011; Van Damme et al., 2012) . Protein species devoid of iMet showed strong 127 preference for alanine (A; 29%) and serine (S; 11%) at the 2 nd position (P1'; P1 iMet -P1'-P2'-128 …-Pn')( Fig. 3A) . The functional importance of the 2 nd residue can be related to the efficiency 129 of MAP to remove the iMet residue (Shemesh et al., 2010) . We thus confirm here that A and 130 S residues are among the most preferred ones in the P1' position of MAP substrates in root tip 131 cells (Frottin et al., 2006) . 132 133 Acetylation of native Nt in root tips confirms previous studies and adds to the known plastid 134 types capable of N-terminal acetylation 135
The exposed Nt of proteins is one of the major determinants of protein stability/half-life and 136 certain residues, when exposed at the Nt of a protein, act as triggers for degradation and are 137 therefore called "N-degrons" (Bachmair et al., 1986). Nt-acetylation (Nt-ace) can target 138 proteins for degradation via a branch of the N-end rule pathway (Hwang et al., 2010). Nt-ace 139 of nascent polypeptides is carried out by N-α-acetyltransferases (NATs) (reviewed in (Gibbs, 140 2015). Nt-ace typically occurs co-translationally, and, in contrast to lysine (K) acetylation, it 141 seems irreversible. Residues that are acetylated following iMet excision can also act as Nt-ace-142 degrons when they are not shielded by correct protein folding and/or assembled into oligomeric 143 complexes. In this way, the acetylation-mediated N-end rule plays important roles in general 144 protein quality control. 145
Between 70 and 90% of eukaryotic proteins carrying Nt-ace and iMet-ace can be 146 targeted for degradation when followed by a bulky residue (e.g. tryptophan; W) (Zhang et al., 147 2015) . Out of 2,840 Nt peptides identified 2,067 were in vivo acetylated (72%), with 496 148 carrying iMet-ace (24% of Nt-ace and only 17% of all characterized Nt) ( Fig. 3B) . The majority 149 of experimentally identified Nt-ace (76%) are acetylated after removal of the iMet, displaying 150 at the 2 nd position A>S>threonine (T)>>G ( Fig. 3C) . Notably, a similar pattern of acetylation 151 affinity for the 2 nd Nt residue has been reported for humans and Arabidopsis leaves (Linster et 152 al., 2015) . Interestingly, we identified one neo-Nt carrying acetylation. Manual examination of 153 this peptide showed that it corresponds to the mature form of the plastid protein CUTA which 154 carries a peptide leader (Burkhead et al., 2003) . This observation is consistent with previous 155 results demonstrating acetylation of chloroplastic proteins (Rowland et al., 2015) , extending 156 the Nt-ace for plastids, as well. 
Identification of neo-Nt peptides in root proteomes and thus potential targets of separase 186
To identify neo-Nt, i.e. the proxies for proteolytic cleavage, we applied the following filtering 187 criteria: i) positive selection of peptides with butyrylated Nt and ii) exclusion of butyrylated 188 iMet and 2 nd residues of the protein. Following filtering, we identified 247 neo-Nt peptides 189 corresponding to 48 unique proteins (File S1). The preferable P1'residue of neo-Nt was S, 190 followed by T, A, and E ( Fig. 3E) . 191
Next, we focused on two classes of peptides: the significantly enriched neo-Nt peptides 192 in WT or rsw4 (based on the labelling used). As the former might also appear because of 193 differential protein levels in the input proteomes, we scanned the data for the corresponding 194 precursor protein Nt or other neo-Nt peptides from these precursor proteins. We expected to 195 deal with three different scenarios of mass spectroscopy results. First, a specific neo-Nt peptide 196 is present in greater amounts in WT indicating potential separase-mediated (direct or indirect) 197 proteolytic event. Second, a neo-Nt peptide is present in both samples, but in a significantly 198 greater amount in rsw4. This scenario would indicate that the corresponding protein was 199 cleaved at the specified site by a protease, which was up/mis-regulated in rsw4 or that the 200 protein fragment was less stable in WT. Third, the neo-Nt peptide are in equal amounts in both 201 samples, indicating that this cleavage event reflects a general metabolic process not affected 202 by separase depletion. 203
With the exception of the AT1G79320 (METACASPASE6) for which a neo-Nt was 204 identified only in rsw4 (removal of a 10 kDa Nt fragment), and may reflect the deregulated 205 expression of this gene, all other neo-Nt-containing peptides were present in both WT and rsw4 206 (File S1). Nine neo-Nt of proteins were preferentially overrepresented in WT, while four in 207 rsw4 ( Table 1) . Most of the cleavage events in the identified proteins occurred in coils or α-208 helixes (Fig. 4) , a result consistent with previous findings in non-plant organisms (Timmer et 209 al., 2009) . annexins, e.g. A2, is a Ca 2+ -, actin-, and lipid-binding protein mediating the formation of lipid 243 microdomains required for the structural and spatial organization of fusion sites at the plasma 244 membrane (Gabel et al., 2015) . It is tempting to speculate that separase may regulate the 245 activity of ANN1 by modifying its requirement for Ca 2+ . Interestingly, the Arabidopsis 246 separase has an EF-hand, responsible for Ca 2+ binding. 247
The identified neo-Nt of the cytoplasmic Acyl-CoA-binding protein 4 (ACBP4) is 248 preferentially enriched in WT ( Table 1) Interestingly, the identified cleavage event enriched in rsw4 on Chaperonin 60 beta may also 264 be involved in pathogen resistance ( Table 1) show that plant separase may be involved in the regulation of acidification and lipid signalling, 322 and we assign potential molecular targets for this function. Furthermore, we show that the 323 proteolytic landscape of rsw4 mutants involves proteins that modulate resistance to pathogens, Seedlings grown on MS plates with nylon filters (0.8 µm) were harvested and root tips were 339 collected after manual excision with a blade. Tips were snap frozen in liquid N2, and ground 340 into a fine powder with a mortar and pestle. Samples were prepared as previously described 341 (Tsiatsiani et al., 2014) . To achieve a total protein content of 1 mg, 0.2 g frozen ground tissue 342 Matrix Science). Spectra were searched against the TAIR10 database. Mass tolerance on 376 precursor ions was set to 10 ppm (with Mascot's C13 option set to 1), and on fragment ions to 377 20 mmu. The instrument setting was on ESI-QUAD. Endoproteinase semi-Arg C/P was used 378 with one missed cleavage allowance, rather than trypsin, beause cleavage after lysine residues 379 is abolished by side chain acylation. Variable modifications were set to pyroglutamate 380 formation of N-terminal glutamine and fixed modifications included methionine oxidation to 381 its sulfoxide derivative, S-carbamidomethylation of cysteine, and butyrylation ( 12 C4 or 13 C4) of 382 the lysine side chain and peptide N-termini. Peptides with a score higher than the MASCOT 383 identity threshold set at 99% confidence were withheld. The Mascot Distiller Toolbox (version 384 2.5.1.0; Matrix Science) was used to quantify relative peptide abundance and in case of doubt 385 were manually curated (for example for singletons). MS data have been deposited to the 386 ProteomeXchange Consortium via the PRIDE (Vizcaino et al., 2016) . peptides that were not Nt-acetylated (with or without iMet; -iMet or +iMet, respectively). 412 C. Acetylation specificity of peptides lacking iMet at the Nt (pooled data from WT and 413 rsw4). 414 D. Acetylation level of peptides in WT and rsw4 expressed as a ratio between the 415 acetylated/non-acetylated forms of the same peptides. 416 E. P1'-P6' specificity of limited proteolysis in root tip cells. 417 
